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Abstract
Severe hypoglycemia is an established risk marker for cardiovascular complications of diabetes, but whether mild hypoglycemia
confers similar risks is unclear. We examined the association of self-reported recurrent mild hypoglycemic events with cardiovascular
disease (CVD) and all-cause mortality in a prospective cohort of Chinese adults with type 2 diabetes.
From June 2007 to May 2015, 19,019 patients in Hong Kong underwent comprehensive assessment of metabolic and

complication status using the Joint Asia Diabetes Evaluation program. Recurrent mild hypoglycemic event was determined by self-
report of mild-to-moderate hypoglycemic symptoms at least oncemonthly in previous 3months. Incident cardiovascular events were
identified using hospital discharge diagnosis codes and death using Hong Kong Death Registry.
Patients reporting recurrent mild hypoglycemia (n=1501, 8.1%) were younger, had longer disease duration, worse glycemic

control, and higher frequencies of vascular complications at baseline. Over 3.9 years of follow-up, respective incidences of CVD and
all-cause death were 18.1 and 10.3 per 1000 person-years and 15.4 and 9.9 per 1000 person-years in patients with and without
recurrent mild hypoglycemia. Using multivariate Cox regression analysis, recurrent mild hypoglycemia was not associated with CVD
or all-cause mortality. In subgroup analysis, mild hypoglycemia was related to CVD in patients with chronic kidney disease (hazard
ratio 1.36, 95% confidence interval 1.01–1.84, P=0.0435) and those on insulin (hazard ratio 1.37, 95% confidence interval
1.01–1.86, P=0.0402) adjusted for confounders.
Mild hypoglycemia by self-report was frequent in patients with type 2 diabetes and was associated with increased risk of CVD in

susceptible groups.

Abbreviations: ABI = ankle-to-brachial index, ACCORD = Action to Control Cardiovascular Risk in Diabetes, ACR = albumin-to-
creatinine ratio, ADF = Asia Diabetes Foundation, ADVANCE = Action in Diabetes and Vascular Disease: Preterax and Diamicron
Modified Release Controlled Evaluation, BMI = body mass index, BP = blood pressure, CI = confidence interval, CKD = chronic
kidney disease, CVD = cardiovascular disease, ESRD = end-stage renal disease, GFR = glomerular filtration rate, HA = Hospital
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Authority, HbA = glycated hemoglobin, HDL = high-density lipoprotein, HR = hazard ratio, ICD-9 = International Classification of
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Disease, Ninth Revision, JADE= Joint Asia Diabetes Evaluation, LDL= low-density lipoprotein, MDRD =Modification of Diet in Renal
Disease, PAD = peripheral artery disease, SCR = serum creatinine, SD = standard deviation.
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1. Introduction

Intensive glycemic control reduces the risk of diabetic microvas-
cular complications, but whether aggressive pharmacologic
management of hyperglycemia has long-term cardiovascular
and mortality benefit is less well-established.[1–6] The unexpected
finding of higher mortality in patients assigned to intensive
glycemic control during the Action to Control Cardiovascular
Risk in Diabetes (ACCORD) study has fuelled concerns about
possible latent harm of hypoglycemia with respect to cardiovas-
cular risks.[3,4] Critical evaluation of landmark clinical trials have
demonstrated that severe hypoglycemia increased the hazards of
cardiovascular morbidity and mortality by 2 to 3-folds among
patients with type 2 diabetes, where severe hypoglycemia was
defined as an event that required third-person assistance.[7,8]

Similar findings were reported across several observational
cohort studies.[9–11] Acutely, hypoglycemia triggers activation of
the sympathetic nervous system, which may cause abnormal
cardiac repolarization and prolongation of QT interval to result
in ventricular arrhythmia.[12,13] The attendant hemodynamic
changes and increased myocardial work may precipitate
myocardial ischemia in susceptible individuals with pre-existing
coronary artery disease.[14] Mechanistic studies have further
suggested that hypoglycemia may induce a range of maladaptive
changes to the vasculature including increase in platelet
aggregation, endothelial dysfunction, and enhanced subclinical
inflammatory response that are pro-atherogenic.[15,16] It was
demonstrated that many of these changes can persist for days
after an episode of hypoglycemia.[17]

Foregoing literatures provided indisputable evidences for a
strong risk relationship between severe hypoglycemia and major
events, although the link of mild hypoglycemia with late
complication is not as well-defined. Mild hypoglycemia occurs
more frequently than severe episodes, but is also under-reported
due to under-recognition and impaired hypoglycemia aware-
ness.[18] Only a few studies have specifically addressed the impact
of mild hypoglycemia with respect to long-term cardiovascular
outcome, in part because of the inconsistencies in defining mild
hypoglycemia and the difficulty in accurately capturing minor
episodes[10,19] In this study, we investigated the association of
self-reported recurrent mild hypoglycemic symptoms and inci-
dent cardiovascular disease (CVD) and all-cause death in a
prospective cohort of Chinese adults with type 2 diabetes.

2. Methods

2.1. Patients

The Joint Asia Diabetes Evaluation (JADE) program is an
electronic disease management program that systematically
captures clinical details of patients with diabetes including
demographics, significant medical history, medication use,
metabolic status, and presence of diabetes-related complica-
tions.[20,21] The JADE program has 2-fold objectives: to serve as
an enhancement to routine diabetes care through structured
complication assessment and personalized information feedback
to patients and physicians with automated decision support; and
2

to establish an ongoing Asia Diabetes Database with the aim to
advance understanding of the natural history of diabetes and its
comorbidities in a real world practice. For this study, we included
patients from Hong Kong who were enrolled into the JADE
program between July 1, 2007 and May 31, 2015. Referral
sources to JADE included both private and public specialists, and
also community clinics. Adults aged 18 years or abovewith type 2
diabetes based on physician diagnosis and who did not report
severe hypoglycemia at baseline were included for analysis. We
excluded patients with type 1 diabetes or diabetes of unknown
type and those with missing information about hypoglycemia.
Given that severe hypoglycemia is an established risk factor for
CVD and mortality, and that patients with severe hypoglycemia
are also more likely to have recurrent mild hypoglycemia,[7–11]

those with self-report of severe hypoglycemia at baseline were
also removed from analysis as the inclusion of this group may
confound the relationship between mild hypoglycemia and
outcome. All patients have given written informed consent for the
research team to track and analyze their anonymized data. The
use of JADE portal for research has been approved by the Joint
Chinese University of Hong Kong—New Territories East Cluster
clinical research ethics committee. The study was conducted in
accordance to Declaration of Helsinki.
2.2. Baseline assessment

All participating patients underwent comprehensive clinical
assessment including documentation of sociodemographic pa-
rameters, significant past medical history, current medication use,
and lifestyle factors based on the JADE protocol. Vitals [blood
pressures (BPs) and pulse rates] and anthropometric measure-
ments (body weight, body height, waist circumference) were
collected. The presence of diabetic retinopathy was examined
using retinal photography, and the retina photos were graded by
a trained endocrinologist to no diabetic retinopathy, background
diabetic retinopathy, preproliferative diabetic retinopathy, and
proliferative diabetic retinopathy. Peripheral sensory neuropathy
was determined using graduated tuning fork and monofilament.
Sensory neuropathy was defined by fulfilling 2 of three criteria:
self-report of abnormal sensation in lower extremities, reduced
sensation on monofilament, and reduced sensation to graduated
tuning fork. CVD was defined as a history of coronary heart
disease, stroke or peripheral artery disease (PAD), the latter
defined as nontraumatic lower-extremity amputation, revascu-
larization procedure for PAD, or ankle-to-brachial index (ABI)
�0.9. Hypoglycemia was assessed by self-report of mild or severe
hypoglycemic events in the previous 3 months. Recurrent mild
hypoglycemia was defined as an experience of typical hypogly-
cemic symptoms such as hunger sensation, sweating, tremor,
malaise, and dizziness, at least once per month, over the past 3
months. Severe hypoglycemia was defined as hypoglycemic event
that required medical or nonmedical third-person assistance at
least once during this period. The assessment of hypoglycemia did
not include review of self-blood glucose readings.
Blood and spot urine samples were collected for plasma glucose,

glycated hemoglobin (HbA1c), total cholesterol, low-density
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lipoprotein (LDL)-cholesterol, high-density lipoprotein (HDL)-
cholesterol, triglyceride, renal function test, and urine albumin-to-
creatinine ratio (ACR), after at least 8hours of fasting. Estimated
GFR (GFR) as expressed in mL/min/1.73m2 was calculated using
the abbreviated Modification of Diet in Renal Disease (MDRD)
equation recalibrated for Chinese: estimatedGFR=186� [SCR�
0.011]�1.154� [age]�0.203� [0.742 if female]�1.233, where SCR
was serum creatinine in mmol/L and 1.233 is the adjusting co-
efficient forChinese.[22]Chronic kidneydisease (CKD)was defined
as estimated GFR <60mL/min/1.73m2, while end-stage renal
disease (ESRD) was defined as estimated GFR <15mL/min/1.73
m2 or requirement of renal transplant or dialysis. Microalbumi-
nuriawasdefinedasurineACR≥2.5 to25.0mg/mmoL inmenand
≥3.5 to 25mg/mmoL in women, macroalbuminuria urine ACR
≥25mg/mmoL.
2.3. Outcome identification and definition

The Hong Kong Hospital Authority (HA) is the governing body
of all public-funded hospitals and outpatient clinics. Health care
in Hong Kong is heavily subsidized and as such, the majority of
Hong Kong residents seek care for acute and chronic illnesses in
the public sector. In a recent estimation, the HA provides over
90% of total hospital bed days.[23] Clinical records of patients
attending public hospitals and clinics, including diagnoses,
laboratory results, and medications, are continuously entered
into the HA Central Computer System, which identifies patients
by their unique Hong Kong Identity Card number compulsory
for all Hong Kong residents. For this study, we retrieved hospital
discharge diagnoses coded according to International Classifica-
tion of Disease, Ninth Revision (ICD-9), of all patients in this
cohort from the day of their enrolment until May 31, 2015.
Information on death was retrieved from the Hong Kong Death
Registry, which is maintained by the Immigration Department,
the Hong Kong Government, and linked to the HA Central
Computed System.
Diagnostic codes listed as the principal diagnosis were used for

outcome identification. Coronary heart disease was defined as
myocardial infarction (ICD-9 code 410), ischemic heart disease
(ICD-9 code 411–414), or death due to coronary heart disease
(ICD-9 code 410–414). Congestive heart failure was defined as
nonfatal or fatal heart failure (ICD-9 code 428). Stroke was
defined as nonfatal (ICD-9 code 432–434, 436) or fatal ischemic
stroke (ICD-9 code 432–438), or haemorrhagic stroke as defined
by fatal and nonfatal subarachnoid hemorrhage (ICD-9 code
430) or intracerebral hemorrhage (ICD-9 code 431). Transient
ischemic attack was not included in the definition of stroke in the
present analysis. PAD was defined as diabetes with peripheral
circulatory disorders (ICD-9 code 250.7), gangrene (ICD-9 code
785.4), angiopathy in diseases classified elsewhere (ICD-9
code 443.81), peripheral vascular disease unspecified (ICD-9
code 443.9), other peripheral vascular shunt or bypass
(procedure code 39.29), insertion of nondrug-eluting peripheral
vessel stents (procedure code 39.90), or amputation of lower limb
(procedure code 84.1) without a traumatic amputation diagnosis
code (ICD-9 code 895–897). CVDs included coronary heart
disease, congestive heart failure, stroke, and PAD.
2.4. Statistical methods

Analysis was performed using the Statistical Analysis System
(version 9.3; SAS Institute, Cary, NC). We compared baseline
demographics and clinical characteristics of patients with or
3

without recurrent mild hypoglycemia. Continuous variables were
expressed as mean± SD or as median (interquartile range), and
categorical variables were expressed as percentages. Chi-square
test was used for between-group comparison of categorical
variables, t test for normally distributed continuous variables,
and Wilcoxon rank-sum test for continuous variables with
skewed distribution. Follow-up time was calculated as the period
from enrolment to the date of the first event of CVD, death, or
censored date of May 31, 2015, whichever came first.
Multivariate Cox proportional-hazards regression was con-

ducted to estimate the hazards of recurrent mild hypoglycemia,
compared with the reference group of no or infrequent
hypoglycemia, on incident CVD and all-cause death. Four
models were constructed sequentially for each outcome: model 1,
adjusted for age, sex, and disease duration; model 2, adjusted for
smoking, body mass index (BMI), systolic BP, HbA1c, LDL-
cholesterol, HDL-cholesterol, estimated GFR, urine ACR, and
baseline history of CVD, in addition to variables in model 1;
model 3, baseline use of antiplatelet drugs, lipid-lowering drugs,
antihypertensive drugs, and renin–angiotensin system inhibitors,
in addition to variables in model 2; model 4, baseline use of
sulphonylurea, non-sulphonylurea oral antidiabetic drugs, and
insulin, in addition to variables in model 3. The variables were
selected based on prior knowledge that these factors are
associated with either risks of hypoglycemia or outcomes of
interest. The proportional-hazard assumption was checked by
plotting the scaled Schoenfeld residuals against survival time.[24]

In the regression models for the outcome of CVD, as the baseline
history of CVD violated the proportional hazard assumption,
regression was stratified by baseline history of CVD, and separate
baseline hazard functions were fitted. Missing data are not
imputed.
We examined the association of recurrent mild hypoglycaemia

with CVD and death in the following subgroups of patients:
HbA1c ≥8.0% (64mmol/mol) or <8.0% (64mmol/mol), pres-
ence or absence of baseline history of CVD, presence or absence
of CKD, and use or nonuse of insulin., The modifying effects, if
any, of these stratifying variables on the relationship between
mild hypoglycemia and CVD or death was further tested by
introducing interaction terms of mild hypoglycemia with each of
the stratifying variables of HbA1c ≥8.0% (64mmol/mol),
baseline history of CVD, presence of CKD, and use of insulin,
into the Cox regression model. A P value of less than 0.05 (2-
tailed) was considered significant.
3. Results

Between July 1, 2007 and May 31, 2015, 19,019 patients were
enrolled into JADE. After excluding 355 patients with type 1
diabetes, 16 patients with missing information on hypoglycemia
status, and 59 patients reporting severe hypoglycemia, 18,589
patients were available for analysis. In this cohort (mean age:
59.4±11.8 years, male: 53.8%, mean disease duration: 8.4±7.9
years), 17,088 (91.9%) reported no hypoglycemia or mild
hypoglycemia less than once monthly, and 1501 (8.1%)
experienced mild hypoglycemia at least once monthly over the
previous 3 months based on self-recall. Compared with patients
with no or infrequent mild hypoglycemia, patients with recurrent
mild hypoglycemia were younger, but had longer disease
duration, worse glycemic control, and were more likely to have
albuminuria, CKD, and CVD at baseline (Table 1). Patients
reporting recurrent mild hypoglycemia were also more likely to
use insulin and most classes of noninsulin antidiabetic drugs.

http://www.md-journal.com


Table 1

Baseline clinical characteristics of 18,589 Chinese patients with and without recurrent mild hypoglycemia.

No hypoglycemia Recurrent mild hypoglycemia P

Number of patients 17,088 1501
Demographics
Age, y 59.4±11.8 58.8±11.5 0.056
Male, % 53.8 53.0 0.551
Smoking, %
Nonsmoker 68.3 66.9 0.263
Ex-smoker or current smoker 31.7 33.1 0.258

Metabolic profile
Disease duration, y 6.0 (11.0) 10.0 (13.0) <0.001
BMI, kg/m2 26.1±4.4 25.8±7.4 0.276
Waist circumference, cm
Male 91.8±10.8 91.5±11.1 0.353
Female 86.7±11.1 86.0±11.2 0.082

Systolic BP, mm Hg 135.3±18.9 136.1±19.7 0.106
Diastolic BP, mm Hg 78.1±10.7 77.6±10.8 0.106
HbA1c, %/mmol/mol 7.5±1.6/58±12 7.6±1.6/60±13 0.004
Fasting plasma glucose, mmol/L 7.8±2.6 7.5±2.8 0.002
LDL-cholesterol, mmol/L 2.6±0.9 2.5±0.8 <0.001
HDL-cholesterol, mmol/L 1.3±0.4 1.3±0.4 0.179
Triglyceride, mmol/L 1.3 (1.0) 1.2 (0.9) <0.001
Estimated GFR, mL/min/1.73m2 78.2±24.2 74.8±25.7 0.003
Urine ACR, mg/mmol 1.7 (1.0) 2.0 (11.1) 0.003

Diabetes complications
Albuminuria, % 39.6 43.3 0.003
Chronic kidney disease, % 20.0 25.7 <0.001
Coronary heart disease, % 11.0 14.6 <0.001
Stroke, % 7.8 7.3 0.512
Peripheral vascular disease, % 4.4 6.2 <0.001

Lifestyle factors
SMBG, % 67.6 82.5 <0.001
Adherence to diet, % 52.2 53.4 0.382
Regular physical exercise, % 46.7 46.1 0.655

Antidiabetic therapy
Diet and exercise only, % 13.6 2.3 <0.001
Metformin, % 67.8 70.7 0.023
Sulphonylurea, % 44.0 51.6 <0.001
DPP-4 inhibitors, % 2.5 2.7 0.768
Thiazolidinediones, % 3.2 5.0 <0.001
Insulin, % 19.4 48.2 <0.001

Other medications
Antiplatelet drugs, % 21.7 25.3 <0.001
Antihypertensive drugs, % 44.9 47.4 0.060
RAS-inhibitors, % 40.3 47.2 <0.001
Lipid-lowering drugs, % 39.5 45.6 <0.001

ACR= albumin-to-creatinine ratio, BMI=body mass index, BP=blood pressure, DPP-4=dipeptidyl peptidase-4, GFR=glomerular filtration rate, HbA1c=glycated hemoglobin, HDL=high density-lipoprotein,
LDL= low density-lipoprotein, RAS= renin-angiotensin system, SMBG= self-monitoring of blood glucose.
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Over a mean observation period of 3.9 [95% confidence
interval (CI) 0.3–7.8] years, CVD developed in 1060 (5.7%)
patients, with incident coronary heart disease in 650 patients,
congestive heart failure in 337, stroke in 366, and PAD in 150
patients. During this time, 697 (3.7%) patients died. The
incidences of CVD for patients with no or infrequent mild
hypoglycemia group and those reporting recurrent mild
hypoglycemia were 15.4 (95% CI 14.4–16.3) and 18.1 (95%
CI 14.8–22.0) per 1000 person-years, respectively. The corre-
sponding figures for all-cause death were 9.9 (95% CI 9.2–10.7)
and 10.3 (95% CI 7.9–13.3) per 1000 person-years. The
cumulative incidences of CVD and all-cause death are shown in
Figs. 1 and 2.
We examined the association of self-reported mild hypoglyce-
mia with major clinical events using multivariate Cox regression
4

(Tables 2 and 3). In the model adjusted for age, sex, and disease
duration, mild hypoglycemia was related to CVD [hazard ratio
(HR) 1.23, 95% CI 1.00–1.51, P=0.049] at borderline
significance, but was not related to all-cause death (HR 1.12,
95% CI 0.86–1.47, P=0.403). The association of mild
hypoglycemia with CVD became nonsignificant when the
model was further adjusted for metabolic indices, baseline
cardiovascular–renal complications, and drugs.
The risk relationship between mild hypoglycemia and clinical

events was tested in subgroups of patients stratified by glycemic
control, GFR, history of CVD, and insulin use at baseline
(Table 3). Self-reported mild hypoglycemia was associated with
CVD in patients with estimated GFR <60mL/min/1.73m2 (HR
1.36, 95% CI 1.01–1.84, P=0.044) and in insulin users (HR
1.37, 95% CI 1.01–1.86, P=0.040). When interaction terms



Figure 1. Cumulative incidence of cardiovascular disease in 18,589 Chinese
patients with type 2 diabetes with and without self-reported recurrent mild
hypoglycemia.

Figure 2. Cumulative incidence of all-cause mortality in 18,589 Chinese
patients with type 2 diabetes with and without self-reported recurrent mild
hypoglycemia.
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between mild hypoglycemia and each of the stratifying variables
were introduced to the full regression model, the interaction
between mild hypoglycemia and use of insulin for CVD remained
significant (P=0.046).
Recurrent mild hypoglycemia was not associated with all-

cause death in each of the subgroups tested, although the
interaction term of mild hypoglycemia with HbA1c ≥8.0% (64
mmol/mol) was tested significant (P=0.022) with HR of 0.58
(95% CI 0.37–0.93) for all-cause death (Table 3).
4. Discussion

Intensification of antidiabetic drug treatment with the use of
insulin and insulin secretagogues is associated with hypoglyce-
mia, which, in turn, is a major obstacle for attainment of glycemic
goal, and also contributes to direct and indirect costs of treating
diabetes. In this study that have collected data from real world
practice, up to 10% of patients with type 2 diabetes reported
recurrent mild hypoglycemia, which was not associated with
incident CVD or all-cause mortality. In subgroup analysis, we
observed increased risk of incident CVD among those with CKD
and those on insulin. To our knowledge, this is the largest
prospective cohort that examined the risk relationship of
recurrent mild hypoglycemia with late diabetes outcome. Our
results add to the expanding literature on hypoglycemia with
respect to its long-term impact on cardiovascular health.
There is a growing consensus that severe hypoglycemia

increases subsequent risks of CVD and death of both vascular
and nonvascular causes.[7–11,25] The ACCORD study reported
higher death rates in patients assigned to intensive glycemic
control,[3] although post hoc analyses of the ACCORD study
data suggested that severe hypoglycemia did not account for
excess mortality.[8] Among subjects who have experienced severe
hypoglycemia during the ACCORD study, those who were
assigned to intensive control in fact had lower death rate than
those assigned to standard arm, suggesting that the relationship
of severe hypoglycemia with outcome may be influenced by the
5

intensity of therapeutic intervention and attained glycemic
control.[8] Another subanalysis of the ACCORD study cohort
investigated whether mild and severe hypoglycemia differ in their
respective correlation with mortality.[26] In the intensive but not
the standard arm, recurrent mild hypoglycemia, as defined by
episodes of capillary blood glucose�3.9mmol/L with or without
symptoms, was associated with reduced mortality. Furthermore,
the protective effect of mild hypoglycemia was more pronounced
in those who have also experienced severe hypoglycemia during
the study. Likewise, in the Action in Diabetes and Vascular
Disease: Preterax and Diamicron Modified Release Controlled
Evaluation (ADVANCE) study, which was a randomized
controlled trial comparing the long-term impact of intensive
versus standard glycemic control, the rates of CVD and death
were lower in patients reporting minor hypoglycemia.[7] It has
been suggested that exposure to mild hypoglycemia may guard
against the adverse impact of acute severe hypoglycemia on
myocardium through prior blunting of sympathetic responses.[27]

It is also possible that patients who have coped with repeated
episodes of mild hypoglycemia became better equipped at
preventing or managing more severe events.
In contrast to findings from clinical trials, observational studies

showed that mild hypoglycemia had either no association with or
even increased the risks of incident CVD. In an analysis
conducted by Hsu et al of the Taiwan National Health Insurance
Research Database, comprising 77,611 patients with type 2
diabetes, mild hypoglycemia, as identified through insurance
claims of hypoglycemia in outpatient settings, was independently
predictive of cardiovascular events and death.[10] A limitation
with quantifying mild hypoglycemia by physician notification in
the Taiwan study is under-recording of minor events as it was
likely that only the more significant episodes or episodes that
required adjustment to antidiabetic medications were brought to
the attention of the physician. McCoy et al examined the
relationship between patient-reported mild or severe hypoglyce-
mia and death in 1020 patients with type 1 or type 2 diabetes
followed up for 5 years.[19] Corrected for explanatory variables,
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Table 2

Multivariate Cox regression model to estimate the association
of recurrent mild hypoglycemia with cardiovascular disease and
all-cause death in 18,589 Chinese patients with type 2 diabetes.

HR (95% CI) P

CVD
Number of patients with event 1060
Model 1 1.23 (1.00–1.51) 0.049
Model 2 1.16 (0.94–1.43) 0.156
Model 3 1.16 (0.94–1.43) 0.162
Model 4 1.16 (0.94–1.43) 0.163

All-cause death
Number of patients with event 697
Model 1 1.12 (0.86–1.47) 0.403
Model 2 1.06 (0.81–1.40) 0.670
Model 3 1.07 (0.81–1.41) 0.636
Model 4 1.03 (0.78–1.36) 0.841

Model 1: Adjusted for age, sex, and disease duration.
Model 2: Adjusted for age, sex, disease duration, smoking, body mass index, systolic blood pressures,
HbA1c, LDL-cholesterol, HDL-cholesterol, estimated glomerular filtration rate, urine albumin-to-
creatinine ratio, and baseline history of cardiovascular disease.
Model 3: Adjusted for age, sex, disease duration, smoking, body mass index, systolic blood pressures,
HbA1c, LDL-cholesterol, HDL-cholesterol, estimated glomerular filtration rate, urine albumin to
creatinine ratio, baseline history of cardiovascular disease, use of antiplatelet drug, antihypertensive
drugs, renin–angiotensin system inhibitors, and lipid-lowering drugs at baseline.
Model 4: Adjusted for age, sex, disease duration, smoking, body mass index, systolic blood pressures,
HbA1c, LDL-cholesterol, HDL-cholesterol, estimated glomerular filtration rate, urine albumin-to-
creatinine ratio, baseline history of cardiovascular disease, use of antiplatelet drug, antihypertensive
drugs, renin–angiotensin system inhibitors, and lipid-lowering drugs at baseline, and use of insulin,
sulphonylurea, and non-sulphonylurea antidiabetic drugs at baseline.
CI= confidence interval, CVD= cardiovascular disease, HR=hazard ratio.

Luk et al. Medicine (2016) 95:45 Medicine
severe but not mild hypoglycemia was associated with increased
mortality. In the current study comprising a large patient sample,
we found no relationship between self-reported recurrent mild
Table 3

Multivariate Cox regression model on the association of recurrent mild
patient subgroups.

Number of
patients observed

Number of patien
with events

CVD
HbA1c ≥8·0% (64mmol/mol) 5009 339
HbA1c <8.0% (64mmol/mol) 12,109 670
CKD 3539 381
Non-CKD 13,669 628
Insulin users 3813 265
Noninsulin users 13,395 744
History of CVD 3508 571
No history of CVD 13,700 438

All-cause death
HbA1c ≥8.0% (64mmol/mol) 5099 213
HbA1c <8·0% (64mmol/mol) 12,109 441
CKD 3539 331
Non-CKD 13,669 323
Insulin users 3813 187
Noninsulin users 13,395 467
History of CVD 3508 262
No history of CVD 13,700 392

Adjusted for age, sex, disease duration, smoking, body mass index, systolic blood pressures, HbA1c, LD
baseline history of cardiovascular disease, use of antiplatelet drug, antihypertensive drugs, renin–angioten
sulphonylurea antidiabetic drugs at baseline.
Number of patients observed was the number of patients with no missing data and analyzable in Cox
CI= confidence interval, CKD= chronic kidney disease, CVD= cardiovascular disease, HR=hazard ratio
∗
P value for interaction terms between recurrent mild hypoglycemia and each of the stratifying variable
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hypoglycemia and either incident CVD or mortality. Differences
in methods of quantifying mild hypoglycemic events may have
contributed to discrepancies in results between clinical trials and
observational studies.
In subgroup analysis, we did detect a positive association of

recurrent mild hypoglycemia with incident CVD among patients
with CKD and those whowere prescribed insulin. CKD per se is a
risk factor for hypoglycemia and patients with renal insufficiency
are also more likely to suffer cardiovascular event. Insulin users
are similarly prone to experience hypoglycemia and patients who
required insulin often have longer disease duration and worse
glycemic control compared with noninsulin users. Hemodynamic
and metabolic assaults of recurrent episodes of low blood glucose
on the vasculatures may have greater impacts in those patients
with more complicated diabetes whose internal milieu already
favors atherosclerosis. Besides, patients who have frequent mild
hypoglycemia may have greater intraday glucose fluctuation,
which further increases the predisposition to CVD through
increased oxidative stress and endothelial dysfunction. Despite
physiological feasibility, whether the excess events were
immediate consequences of hypoglycemia is difficult to prove,
and it remains conceivable that mild hypoglycemia is an index of
vulnerability rather than directly causative. In this instance,
recurrent hypoglycemia may be due to recent infection or
hospitalization which increases the hazard of an adverse
outcome. We further detected a negative association between
the interaction term of recurrent mild hypoglycemia and HbA1c

above 8% (64mmol/mol), and all-cause death, suggesting that
mild hypoglycemia may be protective in patients with poor
glycemic control. Whilst this finding concurs with observations
from aforementioned clinical trials, given the smaller sample sizes
used in subgroup analysis and the few number of events, we
hypoglycemia with cardiovascular disease and all-cause death in

ts
HR (95% CI) P

P value for interaction terms
between recurrent mild

hypoglycemia and
stratifying variable

∗

1.22 (0.86–1.74) 0.259 0.519
1.10 (0.84–1.43) 0.488
1.36 (1.01–1.84) 0.044 0.107
1.00 (0.74–1.35) 0.992
1.37 (1.01–1.86) 0.040 0.046
1.01 (0.74–1.37) 0.944
1.28 (0.98–1.66) 0.067 0.517
1.03 (0.72–1.47) 0.877

0.66 (0.37–1.17) 0.156 0.022
1.18 (0.85–1.62) 0.319
1.06 (0.74–1.51) 0.760 0.867
0.93 (0.59–1.47) 0.758
0.77 (0.51–1.18) 0.231 0.128
1.26 (0.87–1.83) 0.219
1.00 (0.67–1.50) 0.991 0.381
1.01 (0.69–1.50) 0.943

L-cholesterol, HDL-cholesterol, estimated glomerular filtration rate, urine albumin-to-creatinine ratio,
sin system inhibitors, and lipid-lowering drugs at baseline, and use of insulin, sulphonylurea, and non-

regression.
.
s of HbA1c ≥8.0% (64mmol/mol), CKD, insulin users, and history of CVD at baseline.
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cannot rule out the possibility that findings are by chance and
results must be interpreted with caution.
We acknowledge the following limitations of our study. Firstly,

the identification of mild hypoglycemic events was based on self-
report of typical symptoms only and as such, we were not able to
capture asymptomatic events. It has been estimated that 25% to
50% of hypoglycemic episodes occur in the absence of symptoms
particularly during night time,[28] and it is likely that we have
underestimated the frequency of hypoglycemia in our cohort.
Likewise, as home glucose readings were not available, we could
not confirm that symptoms reported by patients were genuinely
related to hypoglycemia. For instance, patients with poor
glycemic control may experience symptoms of hypoglycemia
even when blood glucose level has not yet reached hypoglycemic
ranges. Secondly, the reliance of self-reported events may be
subjected to recall bias, and the accuracy of recall for
hypoglycemic events has not been previously established.
Younger patients may be more likely to report symptoms than
older individuals due to better awareness. Nevertheless, self-
reported events are simple to record and it would not be feasible
to apply more vigorous procedures such as continuous glucose
monitoring to large patient cohort. Thirdly, whereas the sample
size was large, the duration of follow-up was relatively short at a
mean of 3.9 years, and number of events was few, which could
limit the power of the study to detect a significant association, if
there is one.
In conclusion, in this large prospective cohort of type 2

diabetes, recurrent mild hypoglycemia was not predictive of CVD
or mortality, although an association of mild hypoglycemia with
CVD was observed among patients with CKD and insulin users.
Whereas the observational nature of the study precludes detailed
delineation of the underlying mechanisms for these findings, our
results suggested that mild hypoglycemia may have prognostic
significance in patients who are inherently more vulnerable to
cardiovascular events.
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